The key regulators of intracellular trafficking, Ypt/Rab GTPases, are stimulated by specific upstream activators and, when activated, recruit specific downstream effectors to mediate membrane transport events. The yeast Ypt1 and its human functional homolog hRab1 regulate both endoplasmic reticulum (ER)-to-Golgi transport and autophagy. However, it is not clear whether the mechanism by which these GTPases regulate autophagy depends on their well-documented function in ER-to-Golgi transport.
Introduction
The conserved Ypt/Rab GTPases act as membrane organizers to regulate intracellular trafficking pathways. When stimulated by exchange factors termed GEFs, they interact with multiple downstream effectors, which mediate the different steps of vesicular trafficking [1, 2] . In yeast, Ypt1 is required for ER-to-Golgi transport [3] [4] [5] and the TRAPP I complex acts as its GEF [6, 7] . Rab1, the human functional homolog of Ypt1, also plays a role in ER-to-Golgi transport [8, 9] . Conserved tethering factors, like Uso1/p115, were identified as downstream effectors of Ypt1 and hRab1 in ER-to-Golgi transport [10, 11] .
Autophagy is a cellular recycling process. In this process, a double membrane surrounds parts of the cytoplasm including cellular organelles to form the autophagosome, which fuses with the lysosome (vacuole in yeast), where macromolecules are degraded. Under stress conditions, like starvation, non-selective autophagy is induced [12] . In contrast, selective autophagy, in which specific cellular components are recycled, plays a role in cell homeostasis and is, therefore, important for human development and disease [13] . The best-characterized type of selective autophagy is the cytosol-to-vacuole (CVT) pathway, which delivers specific enzymes from the cytoplasm to the vacuole under normal growth conditions. A conserved set of autophagy-specific proteins, Atgs, is required for the different types of autophagy. All types of autophagy start with the formation of the pre-autophagosomal structure, PAS, which was originally defined as a conserved multi-protein complex. More recently it was suggested that Atg9, an integral-membrane protein required for all types of autophagy, supplies the membrane component to PAS [14] . At present, it is not clear how the autophagy-specific and the membrane-trafficking machinery intersect to generate the autophagosome.
While several Ypt/Rabs were implicated in autophagy, the molecular mechanisms that underlie their function in this process are mostly unknown. Ypt1 and its mammalian homolog Rab1 play a role in autophagy [15, 16] , and Trs85, in the context of the TRAPP III complex, can act as a Ypt1 GEF in this process [17] . However, the molecular mechanism by which Ypt1 and Rab1 regulate autophagy is unknown, and it is not clear whether it is dependent on their well-documented function in ER-to-Golgi transport.
Atg11 is a PAS scaffold protein required for different types of selective autophagy including CVT [18, 19] . Here, we use a combination of biochemistry, genetics and imaging approaches to identify Atg11 as a downstream effector of Ypt1 and show that the Ypt1-Atg11 interaction is required for PAS assembly under normal growth conditions. Moreover, we show that Trs85, Ypt1 and Atg11 function as one module and interact on Atg9-containing membranes and on PAS. These results define a module comprised of a GEF, Trs85-containing TRAPP III, a Ypt/Rab GTPase, Ypt1, and an effector, Atg11, that plays a role at the onset of autophagy. Because Ypt1 and TRAPP complexes are involved in both ER-to-Golgi and autophagy, we propose that they coordinate the divergence of these processes by recruiting process-specific effectors.
Results

Atg11 is a downstream effector of Ypt1
Atg11, which interacts with multiple Atg proteins through three of its coiled-coil domains ( Figure 1A , [19] ), was identified as a Ypt1 interactor in two independent yeasttwo hybrid screens. We verified this interaction in both plasmid orientations ( Figure 1B and C), and showed that it is specific to Ypt1, because Atg11 does not interact with Ypt6, Ypt31, or Sec4 ( Figure 1B) ; the last two play a role in autophagy [20] .
Furthermore, Atg11 interaction with Ypt1 is nucleotide specific as it interacts with the GTP, but not the GDP or nucleotide-free, form of Ypt1 ( Figure 1C ). Coiled-coils 2 and 3 of Atg11 are required and sufficient for the interaction with Ypt1-GTP (Figures S1 and 1B). These results suggest Atg11 as a Ypt1 effector, with the middle region of Atg11 mediating the interaction. This region is involved in multiple Atg11 interactions and is required for its function in selective autophagy [19] .
To determine whether the Ypt1-Atg11 interaction occurs in vitro, we tested coprecipitation of HA-tagged Atg11 from yeast lysates with purified recombinant GSTYpt1. Atg11-HA co-precipitates preferentially with GST-Ypt1 loaded with GTP, and not with GST-Ypt1-GDP or GST ( Figure 1D ). The low level of the co-precipitation from yeast lysates can be attributed to a transient nature of the interaction or to competition with other yeast proteins interacting with Atg11. To determine whether recombinant Ypt1 and Atg11 proteins interact, the CC2-3 domain of Atg11 (amino-acids 321-859), which interacts with Ypt1 in the yeast-two hybrid assay, was expressed in bacteria as a His6-tagged protein. Co-precipitation of His-Atg11-CC2-3 with purified Ypt1 showed that this protein interacts preferentially with Ypt1-GTP ( Figure 1E ), suggesting that the Ypt1-Atg11 interaction is direct.
Cells carrying the ypt1-1 mutation, T40K, in the effector-binding domain of Ypt1, are defective in autophagy [15, 17] . Therefore, we tested whether the Ypt1-1 mutant protein is defective in the interaction with Atg11 using the three interaction assays mentioned above: yeast-two hybrid, co-precipitation with Atg11-HA from yeast lysates, and co-precipitation with bacterially expressed His-Atg11-CC2-3 ( Figure 1C-E) . The Ypt1-1 mutant protein is defective in the interaction with Atg11 or with Atg11-CC2-3 in all three assays when compared to the wild type Ypt1 protein. Two pieces of evidence support the use of Ypt1-1 as a negative control in the BiFC assay. First, immuno-fluorescence microscopy shows a similar Ypt1 pattern in wild type and ypt1-1 ( Figure S2A ). Second, Y/CFP-C-Ypt1-1 interacts with Trs85-CFP-N (see below, Figure 2C ). The Atg11-interacting PAS protein Atg1 [18] was used to verify the specificity of BiFC. Fluorescence was seen in cells co-expressing Y/CFP-C-Atg1 and YFP-N-Atg11, but not YFP-N-Atg1 and Y/CFP-C-Ypt1 ( Figure S2B ). BiFC between Atg1 and Atg11, but not between Atg1 and Ypt1, provides support for the specificity of this assay and its relevance to protein interaction.
The importance of the CC2 and CC3 domains of Atg11 for its interaction with Ypt1 was confirmed using BiFC. Fluorescence was seen only in cells co-expressing Y/CFP-C-Ypt1 and YFP-N-Atg11, but not Atg11 CC2 or Atg11 CC3. All three YFP-NAtg11 proteins show a BiFC interaction with Atg19 ( Figure S2C ), which interact with Atg11 through CC4 [19] . These results show that the CC2 and CC3 domains of Atg11 are required for its interaction with Ypt1 in vivo.
When combined with markers, BiFC can used for intracellular localization of protein interactions [21] . To determine whether the Ypt1-Atg11 interaction occurs on PAS, we tested the co-localization of the Ypt1-Atg11 BiFC puncta with the PAS marker Atg8 [22] tagged with mCherry. In all cells that show both the BiFC (YFP) and mCherry puncta, the fluorescence overlaps (40/40 cells; Figure 2B ). This result supports the idea that the Ypt1-Atg11 interaction occurs in PAS.
In summary, using in vitro and in vivo approaches, Atg11 was identified as a Ypt1 effector candidate. Moreover, the Ypt1-1 mutant protein, in which one residue in the effector domain is changed, is defective in the interaction with Atg11.
The Ypt1-Atg11 interaction is required for PAS assembly
Ypt/Rab GTPases exert their function by recruiting their effectors to the proper location [1] . To test whether Ypt1 regulates the localization of Atg11, the effect of the ypt1-1 mutation, which disrupts the Ypt1-Atg11 interaction, on the localization of GFPAtg11 was determined. As previously shown, in wild type cells GFP-Atg11 localizes to a single dot per cell, which represents PAS [18, 23] . In contrast, in ypt1-1 mutant cells, GFP-Atg11 is seen as multiple puncta ( Figures 3A and S3A ). This observation supports the idea that Atg11 is a downstream effector of Ypt1.
The effect of the ypt1-1 mutation on two other PAS components, Atg8 and Atg1, was determined. Like GFP-Atg11, GFP-Atg8 also localizes to a single dot in wild-type cells and to multiple dots in ypt1-1 mutant cells ( Figures 3A and S3A ). Co-localization of Atg11 with Atg8 in wild type and ypt1-1 mutant cells was tested using GFP-Atg11 and mCherry-Atg8. Whereas in wild-type cells GFP-Atg11 and mCherry-Atg8 co-localize to one dot per cell, in ypt1-1 mutant cells the multiple dots of the two proteins do not overlap (co-localization: 95% of 40 red dots in 39 wt cells, and 2.5% of 81 dots in 25 ypt1-1 cells; Figure 3B ). Appearance of Atg8 as multiple dots in several atg mutant cells including atg9 , [24] , and of Atg11 in atg1 mutant cells [18] was previously reported.
However, the nature of these dots is not clear. Atg1 is required for an early step of PAS assembly [14] . In wild type cells GFP-Atg1 localizes to a single dot, but in ypt1-1 mutant cells it is diffuse, even though its steady-state level is unchanged ( Figures 3A, S3A-B ).
Together these results show that PAS assembly is defective in ypt1-1 mutant cells.
To support the idea that the inability of the Ypt1-1 mutant protein to interact with Atg11 results in a PAS assembly defect, we tested the ability of an Atg11-Ypt1-1 fusion protein to bypass the mutant defect. In most ypt1-1 mutant cells transformed with an empty plasmid or plasmids expressing Ypt1-1 or Atg11, Atg1 is diffuse and Atg8 is seen as multiple puncta. In cells expressing the wild-type Ypt1 protein, PAS assembly is restored and Atg1 and Atg8 localize to a single dot in most cells. Importantly, in cells expressing the Atg11-Ypt1 and Atg11-Ypt1-1 fusion proteins, there is partial suppression of the PAS assembly defect ( Figures 3C and S3C ). Partial suppression of the ypt1-1 PAS assembly defect by the Atg11-Ypt1-1 fusion protein should also restore PAS function. We followed two cargo proteins whose processing depends on delivery to the vacuole through the PAS, GFP-Atg8 and Ape1 [25] . In ypt1-1 cells transformed with empty plasmid, or plasmids expressing Ypt1-1 or Atg11, the processing of both GFPAtg8 and Ape1 is defective. This defect is fully restored in cells expressing Ypt1, and partially restored in cells expressing one of the fusion proteins, Atg11-Ypt1 or Atg11-Ypt1-1 ( Figure 3D ). These observations support the idea that the Ypt1-Atg11 interaction is required for PAS assembly and function under normal growth conditions.
Interaction of Ypt1, Trs85 and Atg11 in PAS
We hypothesized that Trs85-containing TRAPP III functions together with Ypt1 and its effector Atg11 in a GEF-GTPase-effector module that regulates autophagy. Split GFP-Ypt1 localizes to multiple punta per cell [26] . Previously published studies of intracellular localization of Trs85 tagged with GFP or 3xGFP were inconclusive [17, 27] .
We tagged endogenous Trs85 with yeast-optimized EGFP and demonstrated that it is functional and localizes to multiple puncta per cell ( Figure S2D ). Therefore, both live-cell microscopy and BiFC show that Ypt1 and Trs85 localize to and interact in more than one place in the cell. The BiFC interaction of Ypt1-1 with Trs85 shows that Ypt1-1 is not defective in the interaction with its activator. The fact that Ypt1-GTP does not show interaction with Trs85 in this BiFC assay serves as a negative control.
If the Ypt1-Trs85 interaction occurs in PAS, we expect that one of the BiFC puncta in each cell would localize to PAS. Cells expressing Trs85-CFP-N and Y/CFP-CYpt1 were transformed with a third plasmid expressing the PAS marker Atg8 tagged with mCherry. In each cell that shows both CFP and red mCherry puncta, at least one blue punctum overlaps with the red punctum (25/25 cells; Figure 2D ). This result indicates that the Ypt1 and Trs85 interact in PAS. Figure 2E ). Because Atg11 is a component of PAS, and because we showed that both the Ypt1-Atg11 and the Ypt1-Trs85 BiFC puncta co-localize with the PAS marker Atg8, these results indicates that all three proteins, Ypt1, Trs85 and Atg11, co-localize and interact in PAS.
A role for the Trs85-Ypt1-Atg11 module in autophagy
To support the idea that Trs85, Ypt1 and Atg11 function as a GEF-GTPaseeffector module in autophagy, we used over-expression and double-mutant analyses.
Usually, over-expression of a protein can suppress defects caused by mutant proteins that act upstream, but not downstream, in the same pathway [28] . Therefore, over-expression of Ypt1 is expected to suppress the cargo-processing defect in cells deleted for its upstream regulator Trs85, but not in cells deleted for its downstream effector Atg11. Suppression of the Ape1 processing phenotype of trs85 was shown previously when the GTP-restricted form, but not wild type Ypt1, was expressed from the GAL1 promoter [17] . We observed that over-expression of Ypt1 from its own promoter suppresses the Ape1 processing defect of ypt1-1 and trs85 , but not that of atg11 ( Figure 4A ). This suppression is specific to Ypt1, since over-expression of Ypt31 does not suppress this defect ( Figure S4A ). Thus, over-expression analysis supports the idea that PAS function is regulated by a module in which Ypt1 functions downstream of Trs85 and upstream of Atg11.
If two proteins function in the same pathway, a double deletion mutant should confer a phenotype not more severe than the phenotypes of the single deletions. When grown in rich medium, the trs85 , ypt1-1, and atg11 mutations confer a complete block in Ape1 processing and Atg8-GFP is not processed even in wild type cells ( Figure 4B and C). Therefore, we tested these plus the growth and Pho8 60 activity phenotypes of the mutants under nitrogen starvation. Cells carrying single deletions of trs85 and atg11 exhibit intermediate growth and Pho8 60 defects when compared to ypt1-1 and atg1 cells, respectively (Figures S4B and 4D, respectively). In both assays, under nitrogen starvation trs85 confers a more sever phenotype than atg11 . These results are in agreement with the idea that Ypt1 and Trs85 play a role in both selective and non-selective autophagy [15, 17] . The observation that atg11 mutant cells also exhibit mild growth and Pho860 defects under nitrogen starvation is in agreement with the idea that PAS assembled during normal growth can persist and help cells survive under starvation conditions [29] .
Because the single deletions, trs85 and atg11 , exhibit partial autophagy defects, it was possible to determine whether the double deletion phenotypes are more severe than those of the single deletions. The double mutant trs85 atg11 exhibits starvation-induced growth and Pho8 60 defects similar to, and not more severe than, those of the single deletions ( Figures S4B and 4D ). The cargo-processing phenotypes of the single and double mutant cells were also compared under nitrogen starvation. All mutant strains exhibit varying degrees of Ape1 and Atg8 processing defects, with ypt1-1 exhibiting the most severe defects. Importantly, the processing defects of the atg11 trs85 double deletion are not more severe than those of the single deletions Atg9 is an integral membrane protein, and Atg9-containing membranes were proposed as a source for the autophagosome biogenesis. Like Ypt1 and Trs85, Atg9 localizes to multiple puncta per cell [30] . Partial co-localization of Ypt1 and Atg9 was recently reported [17] . To determine whether the Ypt1-Trs85 interaction occurs on Atg9-marked membranes, the Trs85-Ypt1 BiFC puncta were co-localized with Atg9-mCherry.
While there are more Atg9 mCherry puncta in each cell, all the CFP puncta representing the Ypt1-Trs85 interaction co-localize with Atg9 (multiple puncta in 25/25 cells, 
Discussion
PAS assembly is the first step of the selective and non-selective autophagy pathways, and Atg11 is a PAS organizer in selective autophagy [14] . Here we show that Atg11 is a downstream effector of Ypt1 based on the following evidence: in vitro and in vivo analyses show that Atg11 interacts specifically with the GTP-bound form of Ypt1, and the localization of Atg11 to PAS is regulated by Ypt1. Using ypt1-1, a mutant defective in the interaction with Atg11, we show that the Ypt1-Atg11 interaction is important for PAS assembly and function. Moreover, multi-color BiFC analysis shows that Trs85, an autophagy-specific subunit of the Ypt1 activator complex, interacts with Ypt1 on Atg9-containing membranes and with Ypt1 and Atg11 in PAS. Finally, genetic analyses support the idea that the three proteins function as a GEF-GTPase-Effector module to regulate PAS assembly ( Figure 5F ). To our knowledge, this is the first Ypt/Rab GTPase module reported to regulate the onset of autophagy.
Our observation that under nitrogen starvation the ypt1-1 mutation confers more severe autophagy defects than those exhibited by trs85 and atg11 suggests that alternative Ypt1 activators and effectors function in non-selective autophagy. Atg11 and Atg17 seem to play similar roles in specific and non-specific autophagy, respectively [29] , including the recruitment of Atg9 to PAS [23, 31] . Because Ypt1 is involved in both non-selective and selective autophagy and Atg11 is involved mainly in the former, Atg17 is a potential candidate for an alternative Ypt1 effector in non-selective autophagy.
Is the role of the Ypt1 module in PAS assembly conserved from yeast to human cells? Rab1 is a functional homolog of Ypt1 [8] and a role for Rab1 in autophagy was shown in mammalian cells [16] . A recent proteomic study suggests that KIAA1012, a GTPases were implicated in the coordination of vesicular transport sub-steps and in the integration of transport steps into whole pathways [38] . Here, we propose that GTPases can also coordinate two different processes. How can one GTPase, Ypt1, function in two different processes, ER-to-Golgi and autophagy? Each Ypt/Rab GTPase can recruit multiple effectors in a timely and spatially regulated manner. We propose that two Ypt1 effectors exhibit process specificity: the conserved tethering factor Uso1/p115 acts as an effector of Ypt1/Rab1 in the ER-to-Golgi transport step [10, 11] , whereas Atg11 is an autophagy-specific Ypt1 effector. Therefore, our results imply that Ypt/Rab GTPases can regulate two different processes by recruiting process-specific effectors ( Figure 5F ). A future challenge is to determine the cues that allow Ypt1 to recruit a specific set of effectors to a specific membrane. One example of such discrimination is a Rab5 effector that can be recruited specifically to PI(3)P membranes
[39]. GST-Ypt1-GTP, and not with GST-Ypt1-GDP, GST-Ypt1-1 GDP or GTP, or GST ( ).
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All
The level of precipitated GST-tagged proteins is shown at the bottom of panels D and E. (quantification, Figure S3A ; protein level, Figure S3B) . B. GFP-Atg11 and mCherry-Atg8
do not co-localize in ypt1-1 cells. In wild type cells Atg11 and Atg8 co-localize in one dot, while in ypt1-1 cells, the multiple puncta of Atg11 and Atg8 do not co-localize. Bar, 
F.
A model of how one Ypt/Rab GTPase, Ypt1, regulates two processes, ER-to-Golgi transport (top) and PAS assembly (bottom), by recruiting process-specific effectors. In ER-to-Golgi transport, Ypt1 activated by TRAPP I [6, 7] recruits the conserved tethering factor Uso1/p115 [10, 11] to stimulate ER vesicle tethering to the Golgi. In selective autophagy, a GEF-GTPase-effector module, composed of Trs85-containing TRAPP IIIYpt1-Atg11, respectively, regulates the first step of both selective and non-selective autophagy, PAS assembly. We propose that Trs85, in the context of TRAPP III, and
Ypt1 are localized to Atg9-containing membranes. Subsequently, activated Ypt1-GTP, interacts with Atg11 to mediates PAS assembly on these membranes. 
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Strains, plasmids and reagents
Strains used in this paper are summarized in Table S1 . Yeast Strain Construction: ATG11 was tagged on the chromosome with 3xHA at the COOHterminus in NSY125 strain as described previously [13] . Gene deletions were done as previously described [14] . TRS85 was tagged on the chromosome with yEGFP and ATG9 was tagged on the chromosome with mCherry at their COOHterminus in relevant strains as described previously [15] .
Plasmids used in this study are summarized in Table S2 . Plasmid Construction: For recombinant protein interaction experiments, the Atg11 CC2-3 (aa 626 -859) peptide was cloned into the MCS1 of pCDFDuet-1 (EMD Chemicals, NJ, USA) in frame with 6xHis tag. Fusion proteins: To create Atg11-Ypt1/Ypt1-1 fusion constructs, the ClaI -BamHI genomic DNA fragment containing YPT1 ORF was cloned into pRS315. NdeI site was introduced right upstream of YPT1 ORF by site-directed mutagenesis. This plasmid was used to introduce T40K mutation. ATG11 ORF plus the AASS linker was cloned into the NdeI site, resulting in pRS315-Atg11-Ypt1/Ypt1-1 constructs. These were later subcloned into pRS317 using NotI and SalI/PspXI restriction sites. To make ATG11 expressed under the control of YPT1 promoter, we replaced PstI fragment of pRS315-Atg11-Ypt1 with the PstI fragment from pGBDU-C2-ATG11 thus putting a stop codon after ATG11 ORF and removing first 65 aa of Ypt1 from the construct as well.
Plasmids used in live-cell microscopy: To construct the yEGFP-tagged versions of Atg11, Atg8, and Atg1 expressed under ADH1 promoter, we first replaced VF1 coding fragment in p416-VF1 [10] with yEGFP amplified from pKT127 (received from EUROSCARF, [16] ) using BstXI and BspEI sites, then used the obtained construct to clone the appropriate protein coding sequence in frame with yEGFP. To make the mcherry-Atg8 chimera expressed under ADH1 promoter, we started with replacing VF1 coding fragment in p416-VF1 with mCherry amplified from pBS34 (obtained from Yeast Resource Center, [7] ) using XbaI and BspEI sites, then cloned ATG8 in frame with mCherry. Later the whole fragment including ADH1 promoter, mCherry, ATG8, and CYC1 terminator was subcloned into pRS41H [17] using SacI and KpnI sites. and affinity purified rabbit anti-Ypt1 [7] .
Yeast culture conditions and viability analysis
For yeast two-hybrid assays haploid cells were transformed with the relevant activation domain (pACT2, AD) and binding binding (pGBDU-C2, BD) plasmids and mated. Diploid cultures were grown overnight at 26°C in minimal (SD) media, normalized to the same density by OD 600 , and spotted onto agar plates in serial dilutions. Plates for yeast two-hybrid assay, indicated in figure legends, were incubated at 26°C. Media preparation and yeast culture growth for nitrogen starvation shift experiments were done as described [33] . Growth of the diploids is shown on SD-Ura-Leu plates, whereas interaction is on SD-Ura-LeuHis plates; one or two ten-fold dilutions are shown from top to bottom. Empty AD and BD plasmids ( ) serve as negative controls for interaction.
Protein level analyses
To determine the expression level of yeast two-hybrid constructs, 4.5 OD 600 s of overnight cell culture were spun down, resuspended in 100 μl of Laemmli buffer, boiled, vortexed with equal volume of glass beads and subjected to immuno-blot analysis with anti-GAL4-AD, anti-HA, or anti-GAL4-BD. To check the level of GFP-tagged proteins or fusion constructs, 7 OD 600 s of exponentially growing cell cultures were spun down, resuspended in 100 μl of Laemmli buffer, boiled, vortexed with equal volume of glass beads and subjected to Western blot analysis with anti-GFP or anti-Ypt1. Preparation of yeast lysates for Ape1 and Atg8-GFP processing analysis was done as described [52] . Quantification of bands was done using ImageJ.
Co-precipitation analyses
Preparation of proteins for co-precipitation: Bacterially expressed GSTYpt1, GST-Ypt1-1 or GST (as a negative control) proteins were expressed from pGEX-KT and purified as previously described [74] . GST-tagged proteins were Co-precipitation of Atg11-3XHA or His-Atg11 CC2-3 with GST-Ypt1 or GST-Ypt1-1 was done as previously described [16] , using GTP--S instead of GTP. After precipitation, the level of GST, GST-Ypt1 and GST-Ypt1-1 was determined by immuno-blot analysis using anti-GST antibody, and the level of Atg11-HA or His6-tagged Atg11-CC2-3 that co-precipitated with the GST-tagged proteins was determined using anti-HA or anti-His6 antibodies, respectively.
ALP activity assay
Alkaline phosphatase activity assay of Pho8 60 was done as previously described [75] .
Microscopy
Live cell microscopy was done as follows: Wild type (NSY125) and ypt1-1 mutant (NSY2) cells carrying constructs for GFP-or mCherry-tagged protein expression were grown to mid-log phase in appropriate selective media.
Fluorescence microscopy was carried out using deconvolution Axioscope microscope (Carl Zeiss, Thornwood, NY) with FITC (GFP) and TexasRed (mCherry) sets of filters. To visualize protein interactions in BiFC and multicolor BiFC assays, cells (NSY128) carrying the appropriate expression constructs were grown to mid-log phase in appropriate selective media and visualized using deconvolution Axioscope microscope with the filters optimized for the visualization of YFP and CFP [45] . Immuno-fluorescence microscopy using affinity-purified anti-Ypt1 antibodies was done as previously described [7] . Figure 3A . B. The level of proteins used for microscopy in Figure 3A was determined by immuno-blot analysis using anti-GFP antibody (G6PDH is shown as a loading control). C. Quantification of micrographs used for Figure 3C . 
